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( 1) 2 Fourier-
Chebyshev
\S 2.
2 ( 2 $h$) 2 Navier-Stokes $x$ ,
$y$ $h$ $(u, v)$ $x$ $L$
( )
\Psi (y) $=y-y^{3}/3,$ $\Omega(y)=-\Psi’’(y)=-2y$ \omega$(=-\Delta\psi)$
$\omega_{t}=-\Psi’\omega_{x}+\Omega’\psi_{z}+\nu\Delta\omega-\psi_{y}\omega_{x}+\psi_{x}\omega_{y}$, (1)
non-slip
$\psi_{x}(x,y=\pm 1, t)=0$ , $(2a, b)$










$\psi(x,y=1, t)=0$ , $(2a)’$
P
$P= \frac{\Delta P}{L}=\frac{1}{2L}\int_{-1}^{1}dy\int_{0}^{L}\frac{\partial p}{\partial x}dx$
$=- \frac{1}{2L}\int_{0}^{L}\psi_{t}(y=1)dx+\frac{\nu}{L}\int_{0}^{L}[\Psi’’+\psi_{yy}]_{y=^{1}-1}^{y=}dx$
$\psi_{0,t}(y=1)-\nu[\psi_{0,yy}]_{v=-1}^{y=1}=0$ , (4)
$\psi(x, y, t)=\sum_{k}\psi_{k}e:\alpha kx_{\circ}$
2 $U_{Q},$ $U_{P}$
$Q= \frac{4U_{Q}h}{3}- P=\frac{-2\nu U_{P}}{h^{2}}$
Reynolds
$Re_{Q}= \frac{hU_{Q}}{\nu}=\frac{3Q}{4\nu}$ $Re_{P}= \frac{hU_{P}}{\nu}=-\frac{h^{3}P}{2\nu^{2}}$
2
2 (TS ) $t$ (4)
2 Reynolds
$Re_{P}=Re_{Q}(1- \frac{1}{4}[\psi_{0Q,yy}]_{y=^{1}-1}^{y=})$ , (5)
38
TS $lie_{P}>Re_{Q}$












$N_{x}$ Fourier $y$ $N_{y}+1$ Chebyshev
$\omega(x,y, t)=\sum_{k=-N_{z}/2}^{N_{x}/2-1}\sum_{j=0}^{N_{l}}\overline{\omega}_{kj}(t)e^{2\pi i\alpha kx}T_{j}(y)$ , (6)
$\psi(x, y, t)=\sum_{k=-N_{z}/2}^{N_{z}/2-1}\sum_{j=0}^{N_{y}}\overline{\psi}_{kj}(t)e^{2\pi i\alpha kx}T_{j}(y)$ , (7)
Chebyshev $\tau_{j(y)}$
$T_{j}(y)=cosn(cos^{-1}y)$
$x=x_{l}= \frac{l}{N_{l}}$ $y=y_{m}=cos \frac{\pi m}{N_{y}}$ .
$(t)$ $\overline{\omega}$








$Lf=f^{l}(x)$ : $b_{n}= \frac{2}{c_{n}}\sum_{p=n+1,p+n:odd}^{\infty}pa_{p}$,
$Lf=f”(x):b_{n}= \frac{1}{c_{n}}\sum_{p=n+2,p+n:even}^{\infty}I\lambda^{p^{2}-n^{2})a_{p}}$ ,
$Lf=xf(x)$ : $b_{n}= \frac{1}{2}(c_{n-1}a_{n-1}+a_{n+1})$ ,
$Lf=x^{2}f(x):b_{n}= \frac{1}{4}[c_{n-2}a_{n-2}+(c_{n}+c_{n-1})a_{\mathfrak{n}}+a_{n+2}]$ .
$c_{0}=2$ , $c_{n}=1,$ $n>0;0,$ $n<0$ .
$\omega_{kj,\ell}=\tilde{A}_{kj}+\tilde{B}_{kj}+\overline{NL}_{kj}+\nu\tilde{L}_{kj}$ , $k=-N_{x}/2,$ $\cdots,$ $N_{r}/2-1,$ $j=0,$ $\cdots,$ $N_{y}-4$ . (9)











$-2(2^{2}-0^{2})/c_{0}\sigma 00$ $-4(4^{2}.-.2^{2})-4(4_{2}-.0_{2})\sigma t_{c_{2}^{0}}^{C}$
$0$ $\sigma$ $\frac{-(N_{y}-2)\{(N_{y}-2)^{2}-(N_{y}-4)^{2}\}}{c_{N_{V}-l}}$
$-N_{y}(N^{y_{2}^{2}}-2^{2})/^{C}-N_{y}(N_{y}. \cdot-0_{2})/_{c_{2}^{0}}\frac{-N_{V}\{N^{2}-(N_{y}-4)^{2}\}}{e_{N_{V}-}}:..$),




$k=-N_{x}/2,$ $\cdots,$ $N_{x}/2-1$ , $\tilde{\psi}$
. Canuto et $aL$ (1986)
(2a) (2a) $(14,15)$ $k=0$
$k=0$ (2b) (4) (4)





alising $\Delta t=0.02,$ $\alpha=1.0,$ $Re=\nu^{-1}=6000,$ $N_{l}=8,$ $N_{y}=16$
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4: ( : $t=180$ , : $t=188$)
